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Abstract: Based on the coal price-supply-economic growth system we establish, conduct an empirical analysis of the system. We propose regulatory strategies and study the impact of various regulatory policies on the
system. In order to make China’s coal market to maintain the balance of supply and demand and effectively
reduce the coal consumption, we should adjust the control strategy timely and monitor momently according
to the dynamics of coal market on the basis of developing new energy, using clean energy, adjusting industrial
structure, strengthening the regulate and control ability of market and intervening timely by the government.
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1

Introduction

The characteristics of China’s energy structure determine that coal is the major energy source in China. Therefore, the
research on the strategy of the coal market and its stable supply is particularly important. Many scholars had done a lot of
research on the coal market. Yuan et al. indicated that there is a difference between coal consumption and economic growth
in different regions of China [1]. Kong applied the cointegration test to find that there is an asymmetric effect between
coal consumption and price [2]. Akkemik et al. examined the causal relationship between energy consumption and GDP
by using provincial data [3]. Fang et al. analyzed the relationship between energy saving and emission reduction, carbon
emissions, and economic growth by establishing a three-dimensional energy-saving and emission-reduction evolution
system [4]. Tang and Tan used the data from 1971 to 2011 to study the relationship between energy consumption and
economic growth in Vietnam [5]. Zhang et al. were inferred the theoretical relations among the growth rate of energy
intensity, energy consumption, and economic output [6]. We put forward the regulation strategy to stabilize the actual
system and quantitatively analyze the influence of different intensity regulation policy on system stability.

2

Model establishment and stability analysis

According to the causality in the coal market, we define x(t) is the time-dependent coal price in the market, y(t) is
the time-dependent coal supply in the market, z(t) is the time-dependent economic growth in the domestic market. We
establish a nonlinear system:

x = a1 x + a2 x(K1 − y) + a3(z,


)

z
,
(1)
y = b1 (x − K2 ) − b2 y − b3 z 1 −

M


z = c1 z(N − z) + c2 yz,
where N is the maximum value of regional economic growth under the condition of a determined coal supply, M is the
threshold value of coal price affected by economic development, K1 is the threshold value of coal price affected by coal
supply and K2 is the threshold value of coal price affected by economic development.
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We put the processing data into the differential equation of discretization and get the following parameters after several
debugging, running when the error reaches 10−5 :
a1 = 0.1088, a2 = 0.6318, a3 = 0.1343, b1 = 0.0986, b2 = 0.1683, b3 = 0.1962,
c1 = 0.3164, c2 = 0.2510, K1 = 0.1265, K2 = 0.1420, M = 0.3175, N = 0.2176.
The establishment and analysis of models see [7].

3
3.1

The application of the model
Control strategy analysis

In this part, we will study what kind of measures can be taken to make the actual system reach a stable state.
Control strategy one. Developing new energy, using clean energy, promoting the diversification of energy supply.

Figure 1: Single parameter bifurcation diagrams of a1 and b2 about variable y
As can be seen in Figure 1, the coal market can reach stable when a1 reduces to the interval [0, 0.05], and the coal
market cannot reach stable if we change the value of b2 . Now we let a1 drop from 0.1088 to 0.08 and b2 drop from 0.1683
to 0.56, other parameters remain unchanged, we can see Figure 2. Evolution of the system shows that the initial system is
in an unstable state, but as time goes on, the regulatory policy becomes to play a role in the system and the system tends
to be stable. Thus the development of new energy sources and the use of clean energy can stabilize the coal market.

Figure 2: The evolution image of the system after using new energy
Control strategy two. Improve the coal transportation corridor and construct the coal transportation pattern.
As shown in Figure 3, reducing the value of K1 and K2 cannot make the coal market in a stable state from the single
parameter bifurcation diagram of K1 and K2 under the condition of other parameters remain unchanging, but it can change
the chaos state of coal market. Now we let K1 drop from 0.1265 to 0.0564 and K2 drop from 0.1420 to 0.0720, other
parameters remain unchanged, the system can be obtained in Figure 4. From the evolution image of system we can see
that, under the control of strategy two, the system does not tend to stabilize from the chaotic state, but it can be in the state
of oscillation.
Control strategy three. Adjust the industrial structure and reduce energy consumption.
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Figure 3: The single parameter bifurcation diagram of K1 and K2 about variable y

Figure 4: The evolution image of the system after improving the transport channel

Figure 5: The single parameter bifurcation diagram of c2 and c1 about variable y

Figure 6: The evolution of the system after adjusting the industrial structure
It can be seen from the single parameter bifurcation diagram of the system parameter c2 and c1 in Figure 5 that whether
c2 reduces to the interval [0, 0.12] or c1 increases to the interval [0.65, 1] can make the system in a stable state under the
condition of other parameters remain unchanging. Now we let c2 drop from 0.2510 to 0.1 and c1 increase from 0.3164
to 0.65, other parameters remain unchanged, the system can be obtained in Figure 6. From the evolution image of the
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system in Figure 6 we obtain that the adjustment of the industrial structure can reduce energy consumption and make the
coal price system in a stable state.
Control strategy four. Strengthen the regulatory function of the coal market itself and enhance the main role of the
market.

Figure 7: The single parameter bifurcation diagram of a3 and N about variable y
It can be seen from the single parameter bifurcation diagram of the system parameters a3 and N in figure 7 that
reducing the value of a3 cannot make the system in a steady state. The system can be stabilized when N reduces to the
interval [0, 0.09]. Now we let a3 drop from 0.1343 to 0.03 and N drop from 0.2176 to 0.07, other parameters remain
unchanged, the system can be obtained in figure 8. From the evolution image of the system in figure 8 we can obtain that
strengthening the coal market’s own regulatory function, enhancing the role of the main market can make the coal market
in a stable state.

Figure 8: The evolution image of the system after strengthen the market’s own regulation function

Figure 9: The single parameter bifurcation diagram of M and b3 about variable y
Control strategy five. Appropriate administrative intervention and develop relevant policies.
It can be seen from the single parameter bifurcation diagram of the system parameters M and b3 in Figure 9 that
increasing the value of M to the interval [0.7, 1] or reducing the value of b3 to the interval [0, 0.08] can make the system
in a steady state. Now we let M increase from 0.3175 to 0.8 and b3 drop from 0.1962 to 0.04, if other parameters remain
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unchanged, the system can be obtained in Figure 10. From the evolutionary image of the system in Figure 10, it is possible
to know that appropriate intervention means carried by the government and it can make the system in a stable state.

Figure 10: The evolution of the system after administrative intervention
We can see that the control strategies one, three, four and five can make the actual system gradually stabilized from the
chaotic state. Although control strategy two cannot make the system in a stable state, it can make the system in a cyclical
state.

3.2

The impact of regulation strategy on coal price, coal supply and economic growth

From the perspective of single control strategy in Figure 11 (a, b), strategy one use the shortest time to make the system
in a stable state. From the perspective of economic development, strategy five can make the system to achieve the best
stability point. From the perspective of integrated strategy in Figure 11 (c, d), the integrated strategy can effectively
shorten the time required for the system to stabilize. We extracted the evolutionary images of coal prices, coal supply and

Figure 11: The evolution track of coal price, coal supply and economic growth system under different control strategies
economic growth of the four single regulation strategies respectively and the evolution picture of the economic growth of
the actual system of comprehensive strategy. See Figure 12. We can see that the control strategy one can bring the coal
supply and coal prices to a low level so that the total economy reaches a high level and the shortest time required. Strategy
three, the economic growth at this time is the lowest. Strategy five can keep coal supply and coal prices at a low level,
but at this time economic growth is low and the time required for the system to stabilize is longer. Although strategy five
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can maximize the total economic output, it also requires that coal prices and coal supply remain at the highest level. In
the integrated strategy, the combination of strategy one and five can be the largest total economic growth, but the time
required for the system to stabilize is also longer.

Figure 12: The evolution image of coal price, coal supply and economic growth in different regulatory policies

4

Conclusion

In this paper, in order to stabilize the coal market from unstable, five control strategies are proposed. By using the coal
price-supply-economic growth model, we analyze five kinds of regulatory policies. Although coal transportation corridor
cannot stabilize the system, it can make the system in a state of periodic oscillation. In general, both single strategies and
hybrid strategies have their own advantages and disadvantages. Exerting the main role of the market is an effective means
to stabilize the market as quickly as possible. The development of new energy sources and the adjustment of industrial
structure are necessary conditions for promoting economic growth in the long run.

References
[1] J.H. Yuan, J.G. Kang, C.H. Zhao, et al. Energy consumption and economic growth: evidence from china at both
aggregated and disaggregated levels, Energy Economics 30 (2008): 3077-3094.
[2] X. Kong, An empirical analysis on the dynamic relationships between coal consumption and its influential factors in
china: asymmetric effects of price on coal consumption, Resources Science 32 (2010): 1830-1838.
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